Abstract: Some of the most important aspects of modeling in chemistry are discussed in detail. It is argued that the interpretive side of (quantum) chemistry is indispensable, since it gives sense to a myriad of experimental and computational results. The usefulness of some physical modeling is illustrated by the trichotomy approach in rationalizing acidity, basicity, and hydride affinities of neutral organic compounds. According to trichotomy paradigm, the simple chemical reaction of protonation and H -attachment can be decomposed into three separate sequential steps, which in turn mirror the initial-, intermediate-, and final-state effects. Ample evidence is given, which convincingly shows that the trichotomy approach has some distinct advantages in interpreting aforementioned properties that belong to the most important ones in chemistry and biochemistry.
INTRODUCTION
Quantum theory, developed at the beginning of the 20 th century, is the greatest scientific revolution in the history of mankind. P. A. M. Dirac [1] in 1929 writes: "The general theory of quantum mechanics is now almost complete…. The underlying physical laws necessary for the mathematical theory of a large part of physics and the whole of chemistry are thus completely known and the difficulty is only that the exact application of these laws leads to equations much too complicated to be soluble". It is gratifying that the latter stumbling block has been overcome by now. We have witnessed, namely, tremendous advances in natural science due to remarkable development of theoretical methods and their implementation in computers with ever increasing power over a few last decades. It gave rise to a quiet, but permanent scientific (r)evolution, which has dramatically changed modern physics and chemistry. It also increasingly penetrates contemporary molecular biology. It is fitting to say that computational quantum theory tears down boundaries between these three traditional disciplines, unifying them in a unique and universal natural science. Undoubtedly, computational natural science will have important impact on the development of molecular medicine in this century. It is probably not exaggerated to say that computational chemistry is one of the major avenues of research in computational natural science. Indeed, the accuracy of the modern computational chemistry, based on the first principles only, is competitive with many experimental techniques being usually faster and cheaper at the same time [2] [3] [4] [5] [6] [7] . The rigorous ab initio procedures provide nowadays an invaluable tool for studying systems not easily It is important to point out that each of the three steps corresponds to a simple and intuitively appealing picture of the aforementioned chemical reactions.
PROTON AFFINITIES AND BASICITIES OF NEUTRAL ORGANIC BASES AND SUPERBASES
Basicity and its counterpart acidity belong to the most fundamental notions of chemistry and biochemistry. According to Brønsted, basicity is defined as affinity of the base toward a proton. Let us imagine that the proton is very far from a base. Since quantum mechanics is a holistic theory, it considers the system containing interacting subunits in its entirety. Consequently, the physical picture of the protonation process occurring in the gas phase can be divided into three distinct sequential steps [19] : (a) removal of an electron from the base in question to give a radical cation, (b) attachment of the ejected electron to the incoming proton to form the hydrogen atom, and (c) creation of the chemical bond between the newly formed radical cation and the hydrogen atom. Notice that the first act requires a price, which should be paid for protonation. It is given by the ionization energy of a base. This is, however, generously rewarded by the electron affinity of the proton with 313.6 kcal mol -1 , which greatly contributes to the overall exothermicity of the process. It is taken for granted here that the proton donor is not a part of the process, which is justified if genuine basicity of a compound in question is considered. Trichotomy approach (a)-(c) has a high cognitive value, enabling classification of the studied compounds into three categories depending on whether the initial-, intermediate-, or final-state effect is predominant. Initial-state effects on the gas-phase basicities of neutral Brønsted bases are reflected in Koopmans' ionization energies [19] calculated in the frozen electron density and clamped atomic nuclei approximation within the one-electron picture. The latter implies ejection of an electron from the Hartree-Fock (HF) n-th molecular orbital (MO). Thus, the ionization is assumed to be an instantaneous event at the moment t 0 = 0. In this case, Koopmans' ionization energies depend exclusively on the electron distribution of the neutral base under scrutiny and mirror genuine properties of the initial state. The second or intermediate stage of the protonation process takes into account that ionization is not a sudden event, but occurs in a real time t 0 + ∆t instead. Hence, both electrons and nuclei relax in the radical cation, giving rise to the stabilizing relaxation energy. Finally, the bond formation between created radical cation of the base and hydrogen atom is given by the homolytic bond association energy term, which represents properties of the protonated conjugate acid-the final-state effect. This simple physical picture is easily put in mathematical garments [19] as follows. The intrinsic gas-phase absolute proton affinity (APA) is obtained in a standard way
as a negative value of the enthalpy for the reaction 1, where B stands for a base in question and subscript α denotes the atomic site of the proton attack. It has two components: APA(B α ) = ∆E + ∆(pV), where ∆E denotes the change in the total molecular energy between the base B and its conjugate acid BH + , including both the zero-point vibrational energy and the finite temperature (298.15 K) correction. The second component ∆(pV) represents the pressure-volume work contribution. Ionization is given by
Here, IE(B) 1 ad signifies the first adiabatic ionization energy describing ejection of the least bound electron and simultaneous formation of the base radical cation denoted by B α +• . The electron is captured by the incoming proton
where EA(H + ) is the electron affinity of the proton being 313.6 kcal mol -1 [21] . The bond association energy (BAE) α + is given by eq. 4
Finally, the relaxation energy upon ejection of an electron is described by
Combining eqs. 1-5, one obtains APA(B α ) = -IE(B) n Koop + E(ei) (n) rex + (BAE) α + + 313.6 kcal mol -1 (6) It should be pointed out that eqs. 1-4 represent a customary thermodynamic cycle. However, inclusion of the Koopmans' ionization term is crucial, since it mirrors genuine properties of the initial state, enabling delineation of the latter from the final-state effect exhibited by the created protonated form. Formula 6 is, in principle, exact, and the only approximations involved are those introduced by computations of single terms. Two points deserve a comment. Firstly, it should be emphasized that Koopmans' ionization is calculated in the HF approximation. We discussed its performance in some detail [22] . It turned out that Koopmans' model of calculation of the ionization energies is good, since the relaxation and correlation energy contributions cancel to a great deal. Rich experimental evidence corroborates this conclusion. It was found that the one-electron HF picture is very useful in rationalizing the photoelectron spectra [23] [24] [25] . Moreover, there is growing evidence that the MO concept itself has a touch of reality, particularly for peripheral orbitals [26] [27] [28] [29] . Having said that, however, it should be kept in mind that the initial-state effect is described in an approximate way. If this is so, then the relaxation term E(ei) (n) rex is given approximately too. This is not a serious drawback, because we shall mostly consider relative values measured against a gauge compound within a set of closely related molecules (vide infra). Secondly, a very important part of the trichotomy analysis is the fact that the frontier highest occupied molecular orbital (HOMO) is not necessarily the most important orbital in the protonation. Generally, the MO playing the leading role in the attachment of a proton is called PRIMO (principal molecular orbital). It is the MO that participates most directly in the creation of a new chemical bond with the incoming proton such as, e.g., the MO describing a sigma lone pair of the basic nitrogen atom.
In order to interpret the trend of changes in the APAs along a series of compounds possessing the same functional group or atom to be protonated, it is convenient to select a standard (parent) compound, abbreviated as st, serving as a reference. Then the variation in the APAs obtained by ∆[APA(B α )] is measured relative to APA(st). The difference can be resolved into three contributions according to triadic formula
where the square brackets denote summation of the three bordered terms and the differences ∆ explicitly read as follows:
It should be noted that indices β and m could be different in principle from α and n, respectively, implying that the sites of protonation in B and st could differ in principle. Triadic analysis embodied in eqs. 6 and 7 proved useful in rationalizing proton affinities of neutral bases, and according to Deakyne [30] it has some advantages over alternative interpretive schemes.
We shall analyze the intrinsic basicity of non-ionic organic bases and superbases as reflected in their gas-phase proton affinities by using several theoretical methods depending on the families of molecules to be examined. The nitrogen, phosphorus, and carbon atoms as the basic sites will be discussed. We shall commence with the NH 3-m (Me) m (m = 0-3) family of compounds and continue with the sys-Z. B. MAKSIĆ AND R. VIANELLO tems depicted in Fig. 1 . Their proton affinities and triadic components are presented in Table 1 . Methylamines have been studied by the MP2(fc)/6-311+G(d,p)//B3LYP/6-31G(d) [19] , thereafter denoted as MP2. Perusal of the data reveals a good agreement with the experiment for the first adiabatic ionization energy and the gas-phase proton affinities. One observes a sharp decrease in the (IE) 1 Koop term with every additional methyl group, which implies a smaller price to be paid in terms of energy in ejecting one electron from the nitrogen unshared electron pair placed in the HOMO. Hence, Koopmans' ionization strongly enhances basicity in this group of molecules. The relaxation energy is practically constant, whereas the bond association term decreases with the number of methyl groups. The latter feature diminishes basicity, but Koopmans' term prevails. Consequently, the amplified basicity along the series is a result of the initial-state effect [19] . In order to test the DFT methods, which are more practical in large systems, some B3LYP/6-311+G(2df,p)//B3LYP/6-31G(d) calculations (thereafter denoted as B3LYP) were also carried out. The corresponding results are given within squared brackets in Table 1 . The overall agreement between the MP2 and DFT results is good. However, there are also some discrepancies, which imply that results should be taken with due care. Generally, accordance with the available experimental data, which are unfortunately scarce, is reasonable for all molecules examined (Table 1 -1 , implying that methanimine is slightly more basic as a result of the favorable contributions from the relaxation energy and the bond association energy. Interestingly, Koopmans' term predicts this molecule to be less basic than NH 3 if only the properties of the initial neutral molecule are taken into account. However, the methanimine framework is more flexible in accommodating NH 2 substituents as in guanidine 2a. This has important consequences for the properties of the latter compound, which is substantially more basic than NH 3 and 1 for two reasons. First, the σ-lone par of the imine nitrogen is placed in the PRIMO, which is HOMO-1 (Scheme 1). In spite of the fact that it is not the outermost orbital, its orbital energy is higher than HOMOs in NH 3 and methanimine 1. More importantly, the relaxation energy in guanidine is considerably larger, being 70. 
If the conjugation interactions between the NH 2 group(s) and the C=C double bonds ε 1 and ε 2 were negligible, then a change in energy of reactions 9 and 10 would give E conj (1) and E conj (2) , which would directly provide conjugation in formamidine and guanidine, respectively. This is not the case, however, since the rotation barrier in aminoethene is not zero. If the nitrogen lone pair of electrons assumes an orientation, which would prevent π-conjugation, then the total electronic energy rises by 5.2 kcal mol -1 , according to the MP2(fc)/6-311+G(d,p)//HF/6-31G(d) calculations [32] , which represents a reasonable estimate of the energy ε 1 . Then the conjugation effect in diaminoethene can be deduced by homodesmotic reaction
The adopted model yields ε 2 = 13.6 kcal mol -1 . By using eqs. 9 and 10, one obtains E conj (1) = 16.1 and E conj (2) = 27.8 in kcal mol -1 . It appears that the conjugation effect in the initial bases formamidine and guanidine is considerable due to the significant π-back bonding effects of electron lone pairs. However, the corresponding cationic resonance effect triggered by protonation is much stronger. [32] shows that it lies within the range of 24-27 kcal mol -1 . A large cationic resonance contribution to basicity of guanidine is compatible with a high relaxation energy term E(ei) (n) rex . It should be pointed out that these two entities are broadly similar, but they are by no means identical. For one thing, E(ei) (n) rex describes relaxation of the radical cation B •+ , whereas the cationic resonance gives stabilization of conjugate acid BH + after completion of the protonation process.
It is of interest to find a difference in APAs between imino and amino nitrogen in guanidine. A triad APA(2a) -APA(2b) = [-36.1; 36.1; 32.2] = 32.2 kcal mol -1 shows that the imino position is more basic by 32.3 kcal mol -1 , which is exactly a difference between the (BAE) •+ terms. The latter is in harmony with the hybridization concept, which indicates that sp 2 hybrids form stronger bonds than sp 3 ones [10, 16] . It is noteworthy that a difference in basicity between two basic sites in ambident compounds is always given by a difference in the bond association energies, because the first two terms should exactly cancel out (see eq. 5). It should be noted in passing that a negative contribution arising from Koopmans' term is due to the fact that amino nitrogen lone pair is described by HOMO, which is higher in energy than HOMO-1 (i.e., PRIMO orbital) accommodating the σ-lone pair of imino nitrogen (Scheme 1).
Extension of the π-network in 3a leads to an appreciable increase in the relaxation energy (91.0 kcal mol -1 ) and the proton affinity (246.2 kcal mol -1 ) [33] , which is in harmony with the enlarged number of cationic resonance structures. It is noteworthy that 3a qualifies as a superbase according to a widely accepted threshold of 245.3 kcal mol -1 given by the proton affinity of DMAN [34] . The present B3LYP results for 2c and 3b confirm this conclusion. The respective APAs are 252.2 and 265.9 kcal mol -1 . The relaxation term in the latter compound is larger by 17.2 kcal mol -1 , thus proving the point.
Let us examine simple phosphazenes 4-6 by considering B3LYP results [35] . The parent compound 4 is more basic than NH 3 Recently, it was found that phosphorus could be a very basic atom in some specific bonding situations [36] . Hence, let us briefly discuss APAs of compounds 7-9, which are 187.2, 242.6, and 278.8 kcal mol -1 , respectively [36] . First, a difference in APA relative to NH 3 reveals that APA (7) It is perhaps surprising that the carbon atom can be very basic, if placed in the appropriate chemical environment. In order to illustrate this claim, we examine here two compounds, 10 and 11. Protonation at the carbon atom possessing two methyl groups yields APAs of 250.5 and 273.5 kcal mol -1 , respectively. Triadic analysis shows that the difference in proton affinity APA(11) -APA(10) = [41.2; -18.0; -0.2] = 23.0 kcal mol -1 , which is a consequence of the increased orbital energy of the HOMO in 11, thus reflecting a predominant initial-state effect. Intuitively, one would expect an overwhelming relaxation effect instead, in view of the aromatization of the central ring induced by protonation in 11H + . A closer look at the structural parameters (Scheme 2) reveals that the six-membered ring in 11H + does undergo aromatization indeed, but it is overshadowed by stronger cationic resonance effect in 10H + , which leads to a substantially higher relaxation in the smaller system (by 18 kcal mol -1 ). This finding becomes apparent by inspecting the changes in relevant geometrical data for systems 10 and 11 induced upon electron ejection in radical cation and afterwards by subsequent addition of hydrogen atom to produce protonated form (Scheme 2). The reason behind the higher relaxation energy in 10 •+ is that the protonated carbon is directly bound to the C(NMe 2 ) 2 fragment. In contrast, this fragment is placed at the other end of the 11H + system. Concomitantly, a smaller portion of the excess positive charge is left for the cationic resonance.
Triphenylmethyl (trityl) moiety is widely used in organic synthesis as a protecting group. It is, therefore, of interest to examine its effect on basicity of, e.g., NH 2 group as in 12. The MP2 calculations [37] show that APA(12) -APA(NH 3 ) = [11.4; 35.5; -20.4] = 26.5 kcal mol -1 , meaning that a prevailing influence is exerted by the relaxation effect. A noteworthy detail is given by finding that PRIMO is a relatively low-lying HOMO-6 orbital (Scheme 1).
The aromatic stabilization effect becomes decisive if the aromatization occurs in a domino fashion [38] [39] [40] . Representative systems are provided by 13-15 (Fig. 2) . They possess the imino spearhead, which is the basic site, and a tail given by either =C(NH 2 ) 2 , =P(NH 2 ) 3 fragments or by a 1,3-diamino-2-methylenecyclopentene ring [38] . It appears that all rings in 13-15 undergo aromatization upon protonation and that benzene moieties are rotated by ~33°relative to each other in order to minimize perturbation of their aromatic sextets. The dihedral angle of the plane involving five-membered ring in 14H + is ~22°. Triadic analysis reveals that APA (13) -1 , indicating that the relaxation energy has a decisive influence on the high basicity in harmony with the aromatic domino effect. We note in passing that the bond association energy diminishes APAs bỹ 25 kcal mol -1 . In contrast, the orbital energies of PRIMOs in 13-15 are higher than in 1 by 28.4, 37.6, and 43.8 kcal mol -1 , respectively, thus increasing basicity. It is interesting to note in this respect that the principal MOs in systems 13-15 are HOMO-4 (Scheme 1), and yet they are less stable than HOMO in 1. This is a rather nice illustration of the fact that peripheral or frontier MOs are not the most important ones in some chemical reactions. Finally, one should point out that DFT calculations of APAs in acetonitrile by using the isodensity polarized continuum proved useful in reproducing and predicting pK a values in the same solvent [41] . Their interpretation is beyond the scope of this article.
DEPROTONATION ENERGIES AND ACIDITIES OF NEUTRAL ORGANIC ACIDS AND SUPERACIDS
Brønsted acidity is defined by the enthalpy change ∆H acid for the gas-phase reaction 14
where ∆H acid is given by ∆H acid = ∆E acid + ∆(pV). Instead of actual deprotonation of the acids AH we shall consider a reverse reaction of protonation of the conjugate base anion A -. Adopting the trichotomy paradigm, one readily obtains [42] 
Terms appearing in eq. 15 have their usual meaning. It is important to keep in mind that Koopmans' ionization energy mirrors the effect of the final state (conjugate base A -) for the deprotonation reaction, whereas the bond association energy describes the influence of the initial state (neutral acid AH). Let us consider acidity of some substituted methanes [43] by using G2(MP2) method. Results are presented in Table 2 . The computed ∆H acid enthalpies are within the experimental errors [21] . It is useful to keep in mind that stronger acids have smaller numerical ∆H acid values, which imply easier release of the acidic proton. The parent compound CH 4 will serve as a gauge molecule in discussing variation in the proton affinities of the corresponding conjugate bases. The influence of halogen atoms F, Cl, and Br is It appears that the bond association energy (alias the homolytic C-H bond scission energy) decreases, thus increasing the acidity of methyl halides by 3-5 kcal mol -1 . A decisive influence, however, is exercised by Koopmans' ionization energies, which dominate over the increasing relaxation effect. As a net result, the APAs(A -) are decreased by -4.3, -15.5, and -20.6 kcal mol -1 , respectively, thus enhancing acidity. One concludes that the latter is a consequence of a better accommodation of the negative excess charge in the final state. 3 -has a planar D 3h structure, and its HOMO is very stable. In other words, the excess negative charge is very comfortably distributed over the central carbon atom and three peripheral CN groups. This is not surprising, because there are two very important features of the CN substituent, which make it an ideal acidifying factor in polysubstituted systems. It exhibits large electron-withdrawing ability and has very modest spatial requirements. They make the cyano group a perfect building block in designing organic superacids as we shall see in what follows. We found that cyclic and polycyclic organic compounds provide excellent backbones for neutral superacids. An example par excellence is provided by pentacyanocyclopentadiene (PCCP) 16a, which is one of the simplest organic superacids. We found that conventional PCCP 16a possessing HC(sp 3 )-CN fragment (Fig. 3) is not the most stable tautomer. Instead, the prototropic tautomer 16b is more stable by 7 kcal mol -1 , as obtained by the B3LYP/6-311+G(d,p)//B3LYP/6-31G(d) method [43] . It is in place to point out here that the B3LYP method describes atomic and molecular electron affinities rather well as discussed in extenso by Schaefer et al. [44] . Since deprotonation of 16a and 16b yields the same conjugate base, which in turn is a planar highly symmetric (D 5h ) (CN) 5 C 5 -anion, the former (less stable) tautomer is more acidic. Specifically, their ∆H acid values are 256.5 and 263.5 kcal mol -1 , respectively. Our result was corroborated by a recent experimental work of Richardson and Reed [45] , who managed to protonate PCCP anion and provide data, which are in accordance with our prediction of a greater stability of tautomer 16b possessing keteneimine moiety. The latter was also confirmed by a subsequent ab initio study by Schaefer and coworkers [46] . A triadic analysis of acidity of 16b relative to parent cyclopentadiene (CP) gave APA(16b) -APA(CP) = [-99.4; 13.1; -3.7] = -90.0 kcal mol -1 , providing a convincing evidence that high acidity of 16b is a consequence of enormous stability of the HOMO in the (CN) 5 C 5 -anion [43] . Once again, the final-stage effect proves to be of pivotal importance. We would like to mention in passing that in heavily cyano-substituted polycyclic hydrocarbons possessing a single C-H acidic center, there is usually at least one prototropic tautomer involving =C=NH keteneimine moiety exhibiting the largest stability, to mention only nonacyanofluorene [47] , azatriquinanes [48] , Rees polycyanated compounds [49] , and some other polycyano polycyclic hydrocarbons [50] . It is important to indicate that the anionic resonance is strong in all polycyanated conjugate bases and that it is very efficient in dispersing the negative charge overall in the system. This means that the excess electron density is completely delocalized, thus making organic superacids excellent candidates for formation of weakly coordinated ion pairs.
Z. B. MAKSIĆ AND R. VIANELLO
A fundamental question of larger acidity of carboxylic acids compared to alcohols raised extensive debates over the last few decades. An explanation found in most textbooks reveals that a stabilizing anionic π-resonance interaction present in R-COO -makes carboxylic proton more acidic. Such anionic π-resonance effect is absent in alcohols yielding lower acidity-a clear final-state effect. On the other hand, some authors claim that acidity of these two classes of compounds is determined by the ground-state potential exerted on the proton in neutral acid AH [51] . Our results are in harmony with the former explanation. For that purpose, we shall consider acidity of some simple carboxylic acids and phenols given in Table 3 . It is immediately evident that in all matching pairs, a carboxylic acid is always more acidic than alcohol. These differences are not so pronounced in aromatic molecules but are quite large in aliphatic pairs. Table 3 is found to be along the same line. Moreover, particularly in the aromatic systems, the (BAE) • term describing properties of the initial state (neutral AH acid) predicts completely opposite behavior of the acidity, or in other words, alcohols to be more acidic than carboxylic acids. However, the latter is not the case since the Koopmans' term prevails and has the dominant role in enhancing the acidity of carboxylic acids. The same trend of changes in all three contributions governing acidity is observed in a much larger spectra of substituted aliphatic compounds [42] as well as in para-substituted benzoic acids [52] and phenols [53] . The interpretative value of triadic paradigm is best illustrated by discussion of a close relation between calculated acidities of para-substituted phenols and benzoic acids and Hammett's σ p -constants [52, 53] . In particular, it is found that the superacidifying group S(O)(=NSO 2 CF 3 )CF 3 substituted at the para position in phenol immensely stabilizes the PRIMO (HOMO-2) orbital, which very well accommodates the excess electron [52] . Polysubstituted aromatic systems deserve particular attention. It was shown by theoretical considerations and computations that acidity of multiply substituted benzenes follows a very simple additivity rule [54] . It appears that each substituent affects acidity in a way, as if the others were nonexistent. It was proved by extensive experimental work that this independent substituent approximation works pretty well [55] [56] [57] [58] . Consequently, one can get a good idea about acidity in polysubstituted aromatics, if the additivity rule is employed and the effects of single substituents are interpreted by triadic formula.
In conclusion, we would like to emphasize that C-H acidities of planar hydrocarbons (apart from the C(sp 3 )-H center) heavily substituted by CN groups can reach record values in acidity [48] [49] [50] , in some cases lowering the corresponding ∆H acid value to around ~237 kcal mol -1 [49] . Unfortunately, they are not synthesized as yet. It should also be mentioned that they exhibit unprecedented acidities in dimethylsulfoxide (DMSO) as well [48] [49] [50] 59 ]. 
HYDRIDE AFFINITIES
Hydride ion (H -) is not as versatile a reactant as the proton. Nevertheless, it plays an important role in some (bio)chemical reactions [60, 61] . It is the simplest Lewis base, and its interactions with Lewis acids (LAs) provide an important clue about acid-base reactions at Lewis scale. The gas-phase hydride affinity (HA) of the LA under scrutiny is obtained as the negative value of the enthalpy for the following reaction:
where α signifies the site of the hydride ion attack. Employing the trichotomy paradigm, one obtains a system of equations:
LA + e -→ LA α
Equation 17 describes ionization of the hydride ion H -and formation of the hydrogen atom, which requires investment in energy IE(H -). The latter is experimentally determined to be 17.4 kcal mol -1 . Further, eq. 18 describes electron attachment to the LA, which yields an LA radical anion with an energy gain given by the first adiabatic electron affinity of the LA EA(LA) 1 ad . The last equation (19) provides the energy of the homolytic bond association (BAE) α -between two radicals, which creates the LA α H -anion. By combining eqs. 16-19, one obtains
In full analogy with the proton attachment reaction, we shall employ Koopmans' approximation and consider resolution of the adiabatic electron affinity into two contributions:
where E(ea) (n) rex denotes the reorganization energy triggered by the electron attachment. Hence, the final formula reads Results of the G2(MP2) calculations [62] are given in Table 4 . It appears that the PRIMOs are lowest unoccupied molecular orbitals (LUMOs) in all cases (n = 1) corresponding to the "empty" 2p orbital on the central boron atom, which acts as an acceptor of the H -. Generally speaking, the HA will be larger than the homolytic B-H association bond energy, if the boron halide can accommodate an additional electron in exothermal fashion with a released energy higher than 17.4 kcal mol -1 . This is not the case with one notable exception given by BBr 3 . Its first adiabatic electron affinity is positive, being 19.0 kcal mol -1 . Another important comment is related to Koopmans' approximation, which neglects the relaxation and electron correlation effects. These errors tend to cancel to a great deal for ionization of neutral molecules [5, 22] . However, they add up in the calculation of electron affinities, thus producing negative values [63] . In spite of that, we believe that EA n Koop values provide meaningful information for closely related molecules. Let us briefly discuss the trend of changes of HAs selecting BH 3 . It seems that chlorine derivatives are stronger Lewis acids than BH 3 , although not as strong as bromine counterparts. Unlike in bromoboranes, where the pronounced HAs are a combined effect of all three terms, in chloroboranes Koopmans' contribution slightly reduces Lewis acidity of these molecules and only the remaining two terms enhance their HAs, making them less potent Lewis acids than bromine derivatives.
The methodology described above is readily applicable to organic molecules. Without going into detail, we shall present the main results of the B3LYP calculations to HAs of some mono-and tetrasubstituted ethenes H 2 C=CHR (R = CN, NO 2 ) and R 2 C=CR 2 (R = CN, NO 2 ) [64] . It is found that derivatives involving CN and NO 2 groups possess positive adiabatic electron affinities, implying that the corresponding anions can be formed in an exothermal way. Specifically, the EA(LA) n Koop values in mono-and tetranitroethene are 27.7 kcal mol -1 and 94.2 kcal mol -1 , respectively. Another interesting finding is that the β-carbon atoms in monosubstituted ethene derivatives are the most susceptible to H -attack as a rule. It turned out that HAs are fairly well correlated with the adiabatic electron affinity [64] , which in turn is able to reproduce a general trend of changes. However, if quantitative information is desired, then full energetic account embodied in triadic formula 22 is necessary.
In summary, the trichotomy paradigm proved very useful in rationalization of HAs of a large variety of organic compounds [64] [65] [66] , enabling the design of systems exhibiting predetermined properties such as, e.g., hydride sponges. 
CONCLUDING REMARKS
The main aspects and importance of modeling in chemistry are discussed in extenso. It was strongly emphasized that acceptable models should avoid the Scylla of too many details and the Charybdis of oversimplification. Further, it is pointed out that progress in natural science requires a harmonious development in experimental, theoretical, computational, and interpretive research. The latter component is pivotal in rationalizing the plethora of experimental and computational results by unearthing common roots between seemingly unrelated data. The art of modeling is demanding since many pitfalls have to be circumvented. We shall mention two out of many misconceptions found in the literature. The first belongs to mathematician Norbert Wiener, who argued that the best model of a cat is another cat or, even better, the cat itself. The fact of the matter is that a model has to satisfy criterion of simplicity and that it is never a perfect description of a true object. On the other end of the scale, one can find empirical models lacking a proper theoretical justification. We shall illustrate this point by quoting Gilli and Gilli [67] : "From a philosophical point of view chemistry differs widely from physics because of the large use it makes of chemical models or chemical theories not derived from more basic physico-mathematical theories, but directly inferred from the whole of experimental data." This statement might have been fitting 100 years ago, but it is obviously obsolete now. Physically sound models are needed in contemporary chemistry. We believe that the presented evidence convincingly shows that the trichotomy paradigm provides a useful tool in attempts to better understand acidity, basicity, and hydride affinities in general and their salient characteristics in organic compounds. It should be stressed that unveiling the underlying principles governing these properties enabled computational design of non-ionic organic superacids, super- bases, proton and hydride sponges, as well as some interesting ion pairs, therefore aiding the experimental research.
